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Crawford, Campbell, and Rose each have 

obey the  color-color tela t i o n s  and spectral 

shown that the Hyades do not  

p r o p e r t i e s  exh ib i t ed  by 

nearby f i e l d  stars. We show that a l l  such anomalies of the Hyades are 

caused by excess emission from magnetic reg ions  (p l ages )  on the su r faces  

of these cluster stars. The Ple iades  stars and a few extreme emission 

stars show similar e f f e c t s ,  bu t  of such magnitude to  i n d i c a t e  that 

p lages  on Pleiades stars have h igher  su r face  b r igh tnesses  than the  Sun 

and do n o t  merely cover a l a r g e r  f r a c t i o n  of the  stars. 

Key words: s tellar a c t i v i t y ,  Hyades 

Shor t  t i t l e :  Hyades Anomaly 
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I. INTRODUCTION 

Crawford (1969)  and Stromgren, Olsen, and Gustafsson ( 1 9 8 2 )  have 

demonstrated t h a t  the Hyades main-sequence stars of spectral type F are 

anomalous r e l a t i v e  t o  f i e l d  dwarfs i n  the Stromgren (uvby) photometric 

system; f o r  a given b-y, the Hyades dwarfs show a c1 excess  of -0.035 

mag r e l a t i v e  to  f i e l d  stars of the same m e t a l l i c i t y .  Taken a t  f ace  

va lue ,  the excess ,  known as the "Hyades anomaly," i n d i c a t e s  a lower 

su r face  g r a v i t y  f o r  the Hyades tha t  could be explained i f  t h e i r  helium 

abundance were 0.06 (by number) lower than f o r  f i e l d  stars (Stromgren e t  

a l .  1982) .  This  explana t ion  would have se r ious  consequences f o r  Big 

Bang nucleosynthesis .  Recently,  Campbell (1984)  has a l s o  found a co lo r  

anomaly i n  Hyades (and Ple iades)  dwarfs, i n  that f o r  a given V-K they 

a r e  b luer  i n  B-V than f i e l d  dwarfs of the same m e t a l  abundance. He 

concludes that the Hyades and Pleiades stars a r e  heavi ly  spot ted  

r e l a t i v e  to  the f i e l d  stars and that t h e i r  co lo r s  are no t i ceab ly  

a f f e c t e d  by the cool  spots .  I n  f a c t ,  he proposes t h a t  the  presence of 

s t a r s p o t s  i n f l a t e s  the  Hyades stars, r e s u l t i n g  i n  a lowering of t h e i r  

su r f ace  g r a v i t y  ( a t  a given temperature) by j u s t  the amount ind ica t ed  by 

t h e  "Hyades anomaly." There has long been evidence t o  support  

Campbell's a s s e r t i o n  of solar- l ike a c t i v i t y  on the Hyades dwarf 8 .  

Wilson (1963)  found that the mean Ca I1 K emission r e v e r s a l ,  and by 

in fe rence  the l e v e l  of chromospheric a c t i v i t y ,  i n  the Hyades (and 

P le i ades )  is higher  than t h a t  in the  average f i e l d  stars. Recent ly ,  

Cayrel e t  a l .  (1983)  found t h a t  two s o l a r  temperature  Hyades dwarfs have 

Ha emission cores  and that t h e i r  Ce I1 A8469 and A8542 l i n e s  are 

p a r t i a l l y  f i l l e d  i n  r e l a t i o n  to the Sun, a phenomenon they a t t r i b u t e  t o  

chromospheric a c t i v i t y .  Final ly:  Rose (1984)  has found numerous 
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s p e c t r a l  anomalies in the Hyades, P le iades ,  and f i e l d  stars wi th  Ca 11 K 

emission r eve r sa l s ;  he a l s o  a t t r i b u t e s  these  anomalies t o  s u r f a c e  

ac t i v i  t y  . 
In t h i s  paper w e  demonstrate on t he  b a s i s  of observat ions of s o l a r  

plages that a l l  color and s p e c t r a l  anomalies i n  the  Hyades and Ple iades ,  

inc luding  the o r i g i n a l  Hyades anomaly, are the r e s u l t  of active reg ions  

on the surfaces  of the stars. I n  moderate cases (e.g., the  Hyades), the 

=nefi:.nli:.s s z  be e - x p l i i r ~ d  st_rir_t_ly in terms nf  the ef fert  of magnetic 

plages.  

t h a t  plages are i n t r i n s i c a l l y  b r i g h t e r  than s o l a r  plages and do n o t  

merely cover a l a r g e r  f r a c t i o n  of the star. 

In t he  more extreme cases ( t h e  P le iades) ,  there  i s  evidence 

11. OBSERVATIONS 

Rose (1984) has defined a system f o r  quant i fy ing  s p e c t r a l  

c l a s s i f i c a t i o n  based on spectra i n  the region A3500-4500 A. S p e c t r a l  

i n d i c e s  were defined t h a t  o r d i n a r i l y  measure the temperature, sur face  

g r a v i t y ,  and chemical composition of a star, b u t  i n  the case of t he  

Hyades and o t h e r  a c t i v e  stars, most i nd ices  e x h i b i t  anomalous behavior.  

We have observed these p a r t i c u l a r  s p e c t r a l  i n d i c e s  i n  a v a r i e t y  of s o l a r  

p lages  and q u i e t  regions f o r  d i r e c t  comparison wi th  the s te l la r  data .  

A. The Solar  Data 

Solar  data were taken with a 500 p i x e l  v id icon  d e t e c t o r  on the 

coudg spectrograph a t  Mees Observatory on Haleakala,  Maui (Landman 

1980). 

c e n t e r  of t he  d i s k  were obtained over  5 d i f f e r e n t  observing runs. The 

s p e c t r a  have a d ispers ion  of 0.17 A p e r  p ixe l .  

Spectra of 32 pairs of magnetic and nonmagnetic regions near  the 

Each region is 4 x 8 



5 

arcseconds i n  a rea  and is observed over a 10 minute i n t e r v a l .  C a  I1 H 

and K l i n e s  were observed f o r  a l l  reg ions ,  and Ha and Hfl f o r  most 

r eg ions ,  bu t  Hy and H6 and the CN A3883 A f e a t u r e s  were observed i n  a 

minor i ty  of regions.  The o r i g i n a l  spec t r a  were dark sub t r ac t ed ,  f l a t  

d iv ided ,  s t r a igh tened ,  and normalized ' t o  the l o c a l  continuum peaks. For 

comparison with the stellar da ta ,  the spectra were convolved wi th  a 

Gaussian of 2.5 A width,  and the i n t e n s i t y  of l i n e  cores  and continuum 

peaks measured over  a 0.52 A window. 

As a measure of the chromospheric emission,  a Ca 11 HK index was 

cons t ruc ted  from the unbroadened spec t ra .  The i n t e n s i t i e s  of 1 A bands 

a t  the c e n t e r s  of the H and K l i n e s  were normalized by the mean 

i n t e n s i t i e s  of two pseudo-continuum bands, one 5 A wide centered  a t  

A3913 A ,  the o t h e r  4 A wide a t  A3989.5 A .  This  HK index is comparable 

wi th  the Mount Wilson S index (Vaughan, Pres ton ,  and Wilson 1978). 

Nonmagnetic reg ions  have 0.16 < HK < 0.22; magnetic reg ions  have 0.22 < 
HK < 0.61. The Sun is observed to have S = 0.20, and the most a c t i v e  G 

stars have S = 0.5 (Vaughan and Preston 1980). While the scales of S 

and HK are c lose ,  they may d i f f e r  by a f a c t o r  < 20%. 

B. The S te l l a r  Data 

Photographic spectra of 82 f i e l d  dwarfs, 35 Hyades dwarfs, and 31 

Pleiades dwarfs were obtained with the image i n t e n s i f i e r  and Cassegrain 

spec t rograph  of the Univers i ty  of Hawaii 2.2 m te lescope  a t  Mauna Kea 

Observatory.  These da t a  have been repor ted  i n  a previous paper (Rose 

1984). The spectra, which have a r e s o l u t i o n  of 2.5 A ,  were c a l i b r a t e d  

t o  r e l a t i v e  i n t e n s i t y ,  bu t  no cor rec t ion  was made f o r  the ins t rumenta l  

response o r  atmospheric ex t inc t ion .  Details of the observing and 

reduct ion  procedures are given in Rose (1984). For t h i s  paper,  spectra 



of the Sun were obtained from the a s t e r o i d  14 I rene  on th ree  occasions.  

I n  add i t ion ,  the dwarf HD88725, f o r  which only a s i n g l e  underexposed 

spec t rum had been obtained by Rose (1984), was reobserved twice. 

F ina l ly ,  a s i n g l e  spectrum was obtained f o r  ADS2644A, a dwarf known t o  

e x h i b i t  a high l e v e l  of chromospheric a c t i v i t y  (Wilson 1963). 

The spectra  are used t o  cons t ruc t  a three-dimensional q u a n t i t a t i v e  

spectral c l a s s i f i c a t i o n  (Rose 1984). 

r a t i o i n g  the  i n t e n s i t i e s  a t  (1) the  cores  of two s p e c t r a l  l i n e s ,  o r  ( 2 )  

a t  the peaks of two pseudo-continua. This  method renders  the ind ices  

i n s e n s i t i v e  t o  changes i n  wavelength r e s o l u t i o n  and e r r o r s  i n  

l i n e a r i z a t i o n  of the photographic emulsion. 

Spectral ind ices  are formed by 

. 

Because the l o c a l  s lope  of the spec t rum i s  n o t  removed, the s te l la r  

and s o l a r  l i n e  r a t i o s  i n  a given region may d i f f e r  by a m u l t i p l i c a t i v e  

f a c t o r .  The d i f f e rence  i n  scales i s  <lo%, as one can see from 

comparison of the mean va lues  i n  Table I ( s o l a r  da t a )  and Table 11 

( s t e l l a r  data,  using the a s t e r o i d  spectra). 

zero  point  d i f f e rence  between s o l a r  and stellar da ta  i n  the case of the 

H6/Fe I index. 

whereas the stellar da ta  compare Hb t o  the mean of Fe A4063 and A4045. 

Note that there  i s  a l a r g e r  

This is because the s o l a r  d a t a  compare Hb t o  Fe I A4063, 

111. SPECTRAL INDICATORS I N  PLAGES 

A. Difference between Magnetic and Nonmagnetic Regions (plage vs q u i e t )  

The temperature is  higher  a t  every he igh t  i n  a magnetic region than 

i n  a q u i e t  region.  

S p e c t r a l  l i n e s  formed i n  LTE w i l l  show an emission excess  i n  plages 

appropr ia te  'to t h e i r  he ight  of formation. 

i n  by plage emission more than weak l i n e s  w i l l .  

The temperature d i f f e rence  increases  with he ight .  

Strong l i n e s  w i l l  be f i l l e d  
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B. Formation of the Ralmer Lines 

The Balmer l i n e s  have s i g n i f i c a n t  opac i ty  deep i n  the photosphere,  

where the damping wings a r e  formed, and i n  the chromosphere, where the 

co res  are formed (Schoolman 1972). They rece ive  l i t t l e  con t r ibu t ion  

from the upper  photosphere and temperature minimum laye r s .  I n  the 

chromosphere, the Balmer l i n e s  a re  n o t  formed i n  LTE (Thomas 1957), 

because t h e i r  l i n e  source funct ions are con t ro l l ed  by r a d i a t i v e  pro- 

c e s s e s ,  r a t h e r  than c o l l i s i o n a l  processes. Therefore  t h e i r  i n t e n s i t i e s  

are not  simply r e l a t e d  to  the loca l  temperature,  and the h igher  Ehlmer 

l i n e s  show excess core  absorpt ion i n  p lages ,  r a t h e r  than the emission 

observed i n  the Ca I1 H, K, and I R - t r i p l e t  l i n e s  ( T i t l e  1966). As one 

proceeds to  more i n t e n s e  p lages ,  the chromosphere becomes more e f fec-  

t i v e l y  th i ck ,  and the c o l l i s i o n a l  terms i n  the l i n e  source func t ions  

become l a r g e r  compared to  the r ad ia t ive  terms ( i .e . ,  the  l i n e  e x c i t a t i o n  

is more near ly  i n  LTE). H a  is s u f f i c i e n t l y  c o l l i s i o n a l l y  exc i t ed  i n  the 

chromosphere t h a t  i t  does couple to  the temperature excess and does show 

plage emission. Hf3 shows emission i n  very in t ense  plages,  b u t  n o t  i n  

o rd ina ry  plages.  I n  f l a r e s ,  the chromospheric temperature rise is 

pushed down i n  he igh t  t o  regions of higher  dens i ty ,  and a l l  Balmer l i n e s  

may become coupled to  the l o c a l  temperature. Under f l a r e  cond i t ions ,  

the  l i n e s  may not  only weaken, but reverse  i n t o  emission ( J e f f e r i e s ,  

Smith, and Smith 1959). Note tha t  a f l a r e  is an episode of unusual ly  

high chromospheric hea t ing ,  and thus i l lus t ra tes  the appearance the 

chromosphere would have i f  such higher hea t ing  l e v e l  were poss ib l e  i n  

the s teady s t a t e .  We do no t  know a p r i o r i  that plages on o t h e r  stars 

a r e  r e s t r i c t e d  t o  the same range of temperature excess a s  seen on the 

Sun. Other stars may have plages with higher  heat ing rates than a r e  

seen in  s o l a r  plages,  t h a t  is, have plage Ca I1 emission HK > 0.6. 
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C. Balmer to Metal Line Rat ios  

Figure 1 shows the r a t i o s  of the Balmer l i n e s  to  a d j a c e n t  Fe I 

l i n e s ,  as func t ions  of the  Ca 11 HK index. The v a r i a t i o n  i n  behavior of 

t hese  r a t i o s  as one progresses  from red t o  b lue  is b a s i c a l l y  caused by 

the  decreasing chromospheric Balmer l i n e  e x c i t a t i o n  and inc reas ing  

photospheric metal l i n e  opacity.  The l i n e s  on the  p l o t s  are based on 

the  da t a  of Table I. 

The Ha/Fe I A6593 r a t i o  shows a s teady  inc rease  f o r  HK > 0.25. The 

Fe I l i n e  i s  weak and b r igh tens  only ~ 0 . 5 %  i n  b r i g h t  plages. H a  

b r igh tens  s t e a d i l y  i n  plages,  and the r a t i o  has a t o t a l  v a r i a t i o n  

r e l a t i v e  to the mean of = 6 % ,  the  l a r g e s t  f o r  any Balmer l i n e .  

The Hp/Fe I A4892 r a t i o  mimics the Ha/Fe I behavior. However, the  

decreased chromospheric e x c i t a t i o n  causes the HP t o  delay i t s  

chromospheric br ighten ing  u n t i l  HK > 0 . 4 .  The inc reas ing  HP opac i ty  

from HK = 0.2 t o  0 . 3  causes a s l i g h t  decrease i n  the r a t i o .  The t o t a l  

r e l a t i v e  v a r i a t i o n  is =3%.  

The Hy/Fe I A4325 r a t i o  r e f l e c t s  the much lower Hy chromospheric 

e x c i t a t i o n  and much s t ronge r  metal l i n e .  The Fe I l i n e  br ightens  by 

-6% ( r e l a t i v e )  i n  the b r i g h t e s t  plages. The increased  Hy chromospheric 

e x c i t a t i o n  i n  the h o t t e r  plages nqgrly balances the  Hy photospheric 

br ighten ing ,  and the l ine  r a t i o  decreases.  I n  p lages  wi th  HK > 0 . 5 ,  the 

Hy chromosphere begins t o  b r igh ten ,  and the Hy/Fe I r a t i o  s t a b i l i z e s .  

A t  higher l e v e l s  of HK, the  r a t i o  presumably inc reases ,  analogous t o  

Hf3/Fe I. The t o t a l  r e l a t i v e  v a r i a t i o n  is 22%. 

The tIG/Fe I A4063 r a t i o  is v i r t u a l l y  unaf fec ted  by the 

chromosphere. The Hd chromospheric e x c i t a t i o n  is so low t h a t  one sees 

only a s l i g h t  increase  i n  Hd/Fe I vs HK as the Hd photospheric wings 
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br ighten  f a s t e r  than the Fe I l ine.  The t o t a l  r e l a t i v e  v a r i a t i o n  is 

=2%. This r a t i o  i s  our  primary surface temperature i n d i c a t o r .  The 

v a r i a t i o n  seen from q u i e t  Sun t o  b r i g h t e s t  plage corresponds t o  

one-third of a decimal MK s p e c t r a l  c l a s s .  

We expect  t h a t  i f  regions with HK > 0.6 were observed, the Hy and 

H6 l i n e s  would eventua l ly  m i m i c  the behavior of H a  and H$. Such regions 

a r e  only found i n  f l a r e s  on the  Sun, but  may occur i n  the s teady-s ta te  

i n  plages on o t h e r  stars. 

D. Other Line Rat ios  

The Hy/G-band (A43151 r a t i o  is shown as a func t ion  of HK in  Figure 

2 .  Its behavior i s  similar t o  Hy/Fe I (Fig. 1, lower l e f t )  b u t  shows a 

l a r g e r  range, =7%, s i n c e  the G-band br ightens  more than Fe I 14325. The 

Hy/G-band r a t i o  a l s o  appears t o  l e v e l  o u t  f o r  HK > 0.5. 

Figure 3 d i s p l a y s  the r a t i o s  p(3912)/p(CN) and h3886/13859 as 

f u n c t i o n s  of HK. Here, p( ) i m p l i e s  a pseudo-continuum peak i s  

measured, and p(CN) is the sum of peaks a t  h3852, 3864, and 3876 A. 

These CN-sensitive i n d i c e s  decrease = 6% ( r e l a t i v e )  from q u i e t  Sun t o  

b r i g h t  plage. 

I V .  INTERPRETATION OF HYADES AND PLEIADES SPECTRA 

A. Level of Ca I1 Emission Act ivi ty  

Measurements of the cluster stars' C a  I1 emission are a v a i l a b l e  

from the Mount Wilson HK Project.  Duncan e t  a l .  (1984) g ive  da t a  f o r  

the Hyades i n  the years  1981-1983. I n  the range 0.5 < B-V < 0.8 (0.6 < 

H6/Fe I < 1.2),  the mean value for the Hyades stars observed both by 

Duncan e t  a l .  and by Rose was <S> 5 0.34 i: 0.02. O l d e r  survey data f o r  
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the  Pleiades stars i n  the same color  i n t e r v a l  give <S> = 0.12 l a r g e r  

than the Hyades stars. The r e l a t i o n  between S and the Ca I1 H / C a  11 K 

Index defined by Rose (1984) appears  l i nea r  f o r  the Hyades stars, with a 

s lope  hS/[A(Ca I1 H/Ca I1 K ) ]  = -5 f 1.5. 

We can a l s o  deduce the mean Ca I1 emission f o r  the p a r t i c u l a r  stars 

t h a t  w e  have measured by using the s o l a r  r e l a t i o n  between Ca I1 H/Ca 11 

K and HK, AHK = -3.52 A(Ca I1 H/Ca I1 K ) .  

A(Ca I1 H / C a  I1 K )  - -0.061 f o r  the Hyades and -0.103 f o r  the P le i ades ,  

with respec t  to  the f i e l d  i n  the range 0.7 < Hb/Fe I < 1.25. Using <S> 

= 0.16 f o r  the f i e l d  stars (Vaughan and Preston 19801, these  imply <S> = 

0.38 f o r  our  Hyades stars, <S> = 0.52 f o r  our P le i ades  stars. Both sets 

of data show that the  cluster stars must have a l a r g e  f r a c t i o n  of t h e i r  

su r f ace  area covered with b r i g h t  plages.  Fur ther ,  the P le i ades  are much 

more ac t ive  than the Hyades, as Wilson (1963) f i r s t  showed. The 

s imilar i ty  of the S vs  Ca 11 H/Ca I1 K r e l a t i o n s  suggests  the s t e l l a r  

plages a re  similar t o  s o l a r  plages.  

From Rose (19841, 

B. Hy/G-band vs H6/Fe I 

Figure 4a shows the Hy/G-band vs Hb/Fe I p l o t  f o r  f i e l d ,  Hyades, 

and P l e i a d e s  dwarfs. I n  Figure 4b the mean r e l a t i o n  f o r  the f i e l d  

dwarfs is  removed, and the d i f f e rence  from t h a t  r e l a t i o n  p lo t t ed .  Both 

clusters devia te  from the f i e l d  stars. Metal abundance is not  a cause 

of t h i s  devia t ion ,  s ince  Rose (1984) demonstrated t h a t  f i e l d  stars 

covering a wide range i n  composition a l l  l i e  on a s i n g l e  l i n e .  

Also p lo t t ed  i n  Figures  4a and 4b is a t r a j e c t o r y  represent ing  the 

range of va r i a t ion  of these l i n e  r a t i o s  i n  the s o l a r  data .  The s t a r t i n e  

po in t  is the measured pos i t i on  of the Sun, determined from the a s t e r o i d  

spec t r a .  The measured values  f o r  the Sun i n  the system of Rose ( 1 9 8 4 )  
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a r e  given i n  Table 11. The d i r e c t i o n  and magnitude a r e  from the s o l a r  

d a t a  over the range 0.18 < HK < 0.6. Clear ly ,  the d i r e c t i o n  and 

magnitude of the plage-induced l i n e  r a t i o  v a r i a t i o n  is c o r r e c t  f o r  

e x p l a i n i n g  the c l u s t e r  stars' spec t r a l  anomalies, 

The l a c k  of a d i f f e r e n c e  between the P le iades  and Hyades in 

Hy/G-band simply r e f l e c t s  the "saturat ion" of that r a t i o  a t  high va lues  

of HK t h a t  was noted for the solar  plage da t a  i n  s e c t i o n  I I I D .  I f  stars 

of  much g r e a t e r  HK emission, comparable t o  s o l a r  f l a r e s ,  were observed, 

w e  would expect  both Hy/G-band and HG/Fe I to increase  because the  

Balmer l i n e s  w i l l  out-brighten the  m e t a l  l i n e s ,  Thus, i f  t he  a c t i v i t y  

l e v e l  on a f i e l d  dwarf were monotonically increased,  w e  would expect  i t s  

t r a j e c t o r y  i n  Figure Sa to f i r s t  be down t o  the Hyades-Pleiades 

p o s i t i o n ,  then toward the upper r i g h t ,  p a r a l l e l  t o  and wi th in  the  

c l u s t e r  sequence. Three stars of extreme HK emission, S > 0.5, are 

p l o t t e d  i n  Figure 4a, and they do l i e  i n  the  c l u s t e r  sequence. 

According to  the discussion i n  s e c t i o n  111, t he  Hy/G-band index is 

s u b s t a n t i a l l y  more a f f e c t e d  by plages than Hy/4325. Hence one would 

expec t  t o  see a smaller deviat ion of the Hyades and Ple iades  from normal 

f i e l d  stars in the Hy/4325 vs HbIFe I diagram than i n  the  Hy/G-band vs  

H6/Fe I diagram. A comparison of Figures  4 and 5 r e v e a l s  e x a c t l y  t h i s  

behavior.  I n  Figure 5a is plot ted Hy/4325 vs Hb/Fe I f o r  f i e l d ,  Hyades, 

and Ple iades  dwarfs; i n  Fig. 5b the mean r e l a t i o n  f o r  the f i e l d  dwarfs 

is removed, and the  d i f f e r e n c e  from t h a t  r e l a t i o n  p l o t t e d .  Here aga in  

i t  was found i n  Rose (1984) t h a t  f i e l d  stars, r e g a r d l e s s  of metal abun- 

dance, form a s i n g l e  mean r e l a t i o n  i n  t h i s  diagram. C l e a r l y  the  Hyades 

and Ple iades  are s u b s t a n t i a l l y  l e s s  devian t  i n  the Hy/4325 index, and 

t h e i r  displacement is i n  reasonable accord with the t r a j e c t o r y  repre- 
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s e n t i n g  the range of v a r i a t i o n  of the s o l a r  plage data. Furthermore, 

t he  loca t ion  of the Hyades, P l e i ades ,  and extremely a c t i v e  stars on a 

unique l i n e  in Figure 5 i n d i c a t e s  a " sa tu ra t ion"  of the  Hyl4325 index a t  

h igh  a c t i v i t y  l e v e l s ,  a r e s u l t  that was a n t i c i p a t e d  by the  s o l a r  da ta .  

C. Surface Gravity 

Our primary i n d i c a t o r  of su r f ace  g r a v i t y  is the r a t i o  S r  I1 140771  

Fe I h4063. Figure 6 shows t h i s  r a t i o  in plages as a func t ion  of HK 

emission index. The t o t a l  range of v a r i a t i o n  is < l X .  Thus, the 

su r face  gravity.  

In F igure  7 the  measured d i f f e r e n c e s  of Sr I I / F e  I are p l o t t e d  

a g a i n s t  HG/Fe I f o r  dwarfs in the  Hyades, and in the P le i ades ,  compared 

t o  f i e l d  s t a r s  with (Fe/H] > -0 .75.  (In Rose 1984 i t  was found t h a t  

very  metal-poor dwarfs are s l i g h t l y  d i s p l a c e d  wi th  r e s p e c t  t o  

solar-abundance dwarfs.) It is clear that the Hyades stars do n o t  

d e v i a t e  on average from the f i e l d  r e l a t i o n  and have normal su r face  

g r a v i t i e s  a t  our l e v e l  of accuracy (0.1 in log  g). 

S t a r s  of extreme HK emission w i l l  have much s t ronge r  b r igh ten ing  in 

t he  Balmer l i n e s  than in the  m e t a l  l i n e s .  We expec t  them t o  appea r  t o  

the  r i g h t  of the normal stars in Pxgure 7 as the H6 l i n e  br ightens .  The 

extreme emission stars are p l o t t e d  on Figure 7 and l i e  where expected. 

S t r i c t l y  on the b a s i s  of S r  I I / F e  I, these  stars would be m i s c l a s s i f i e d  

as  subgiants. 

The Pleiades a r e  s l i g h t l y  o f f s e t  in the S r  I I / F e  I p l o t ,  by -0 .015 

( o r  -0.03 i f  the two extremely a c t i v e  stars 1250 and 8296 a r e  inc luded) .  

This  is a larger s h i f t  than even the b r i g h t e s t  s o l a r  plage.  The most 

reasonable i n t e r p r e t a t i o n  of t h i s  o f f s e t  is that plages on the P le iades  
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stars have sur face  br ightnesses  that  exceed the b r i g h t e s t  s o l a r  plages.  

A t  h igh Ca 11 su r face  br ightness ,  H6 w i l l  br ighten,  s h i f t i n g  the  star t o  

t h e  r i g h t  i n  Figure 7 .  Given t h e  low s e n s i t i v i t y  of S r  I I / F e  I t o  

changes i n  Ca 11 HK, and the examples of the extreme emission stars, 

t h i s  i n t e r p r e t a t i o n  i s  c l e a r l y  indicated.  To our knowledge t h i s  i s  the 

f i r s t  d i r e c t  evidence t h a t  s t e l l a r  plages may d i f f e r  from s o l a r  p lages  

i n  t h e i r  s u r f a c e  br ightness  and not merely i n  the f r a c t i o n  of t he  star's 

s u r f a c e  area t h a t  the plages occupy. 

D. M e t a l l i c i t y  

Figure 8 p l o t s  the CN index p(3912)/p(CN) f o r  the f i e l d  and cluster 

stars, as func t ions  of HG/Fe I. The t r a j e c t o r y  f o r  s o l a r  plages is  a l s o  

shown. The h3886/h3859 CN ind ica to r  shows s i m i l a r  e f f e c t s  and is  n o t  

p l o t t e d  here.  

Based on t h e i r  HK emission and the  s o l a r  data  of Figure 3, the 

Hyades ought t o  be s h i f t e d  by the  plage emission an amount e q u i v a l e n t  t o  

-0.2 i n  [Fe/H], and the P le iades  by -0.4 i n  [Fe/H]. Since the Hyades 

l i e  on the curve of [Fe/H] of -0.1 and the P le iades  on [Fe/H] = -0.5, 

w e  deduce metallicities of +0.1 for  t he  Hyades and -0.1 f o r  the 

Pleiades.  The extreme emission stars a r e  a l s o  p l o t t e d  and c l e a r l y  

appear t o  have low m e t a l l i c i t y ;  with c o r r e c t i o n  f o r  t h e i r  emission, 

t h e i r  metal abundance i s  so la r .  For comparison, Nissen (1980) g i v e s  

[Fe/H] of 0.1 f o r  the Hyades and 0.0 f o r  the P le iades ,  from photometric 

determinat ions.  

I 
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V. COLOR INDICES OF THE HYADES 

Campbell (1984) has shown the Hyades stars t o  be anomalous, com- 

pared t o  f f e l d  stars, i n  two-color diagrams. The sense  of the anomaly 

is that for  stars of equal  (V-K) index, the Hyades show smaller values  

of (B-V). Campbell interprets t h i s  d i f f e rence  a s  the result  of dark 

star spots.  The cool  spo t s  e f f e c t i v e l y  have no emission i n  the B and V 

bands, bu t  do con t r ibu te  l i g h t  i n  the K band. Thus the (B-V) index f o r  

each star would be normal, but  (V-K) would be too l a rge .  

Excess emission from magnetic plages produces a co lo r  anomaly of 

the same sense. The plage emission is small i n  the V and K bands, but  

l a r g e r  i n  the B band. Thus the (V-K) index is normal, bu t  (B-V) is too 

small, j u s t  as Campbell has noted. Unfortunately,  good d a t a  on plage 

c o n t r a s t  is no t  a v a i l a b l e  i n  the K band, so a q u a n t i t a t i v e  argument 

cannot be made. 

Crawford (1969) o r i g i n a l l y  showed such anomalies i n  the Stromgren 

uvby bands. So la r  da ta  is a v a i l a b l e  in these s h o r t  wavelength bands, 

and w e  w i l l  focus on the c1 and m1 i nd ices  ( see  Table 111). Chapman and 

McGuire (1977) have shown that the c o n t r a s t  of plages observed in 

photometric passbands over the range A4350 8, t o  A l O l O O  8, can be 

represented  as an inverse  power of the wavelength. We assume that over 

the range X3500-A5500 a power l a w  r e l a t i o n  w i l l  hold. I f  the index of 

the power law is 2, then the plage-induced change i n  a d i f f e r e n c e  of 

co lo r  ind ices ,  ( m l  - "2) - (m2 - mg), is propor t iona l  t o  2.5 log 

[(A22/A1A3)'2]. 

g ives  the r e s u l t  Ac1 = -1.08 A m l .  

have measured a mean v a l u e  f o r  s o l a r  plages of A m 1  = -0.03. 

t h a t  the plages they measured had a mean HK value of =0.3 2 0.05, with 

S u b s t i t u t i n g  the wavelengths of the Stromgren passbands 

Giampapa, Worden, and C i l l i a m  (1979) 

We es t imate  
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allowance f o r  t h e i r  1' x 1' f i e l d  of view. We thus deduce that the  

Hyades should have Stromgren o f f s e t s  compared t o  the f i e l d  of Ac1 = 

+0.03 2 0.01 and A m i  = -0.03 t 0.01, caused by plage emission. 

The m a g n i t u d e  of the s p o t  e f f e c t s  on color  i n d i c e s  can be 

c a l c u l a t e d  f o r  t he  Hyades and Pleiades.  From s o l a r  i r r a d i a n c e  measures, 

w e  know the  mean l e v e l  of s p o t  area coverage i s  about  equal  t o  i t s  

var iance  (Hudson and Willson 1981). The var iance of s te l la r  f l u x  i n  the 

V band is  -1% i n  the Hyades and -2% i n  the  P le iades  (Radick e t  a l .  1982, 

1983). We assume these numbers correspond t o  the  mean s p o t  umbral area 

f r a c t i o n .  Using the  c o n t r a s t  of sunspots given by Allen (1976), w e  i n f e r  

c1 and m l  i n d i c e s  that are o f f s e t  by +7 x lo+, +4 x 

and by twice as much i n  the Pleiades,  due to  star spots .  (The 

d i f f e r e n c e s  between these  values  and Campbell's are n o t  simply explained 

i n  the Hyades 

by h i s  use of a n  area 5 times larger . )  

The r a d i a t i v e  f l u x  blocked by star s p o t s  w i l l  be r e l e a s e d  over the 

Kelvin-Helmholtz time scale of the convection zone ( S p r u i t  1981), about 

2 x l o 5  y r  f o r  the Sun. 

remains cons tan t  over t h i s  time. The s t o r e d  f l u x  w i l l  be r a d i a t e d  

We assume the  l e v e l  of s p o t  a c t i v i t y  on stars 

l a r g e l y  through a n  increased temperature of the unspotted photosphere. 

The s t e l l a r  r a d i u s  (and sur face  g rav i ty )  w i l l  n o t  s i g n i f i c a n t l y  change 

( S p r u i t  1981). This  is  cont ra ry  to Campbell's assumption. 

A f u r t h e r  po in t  is that a s u b s t a n t i a l  f r a c t i o n  of the f l u x  blocked 

by spo t s  is rad ia ted  within a few months by plage emission. Campbell 

a rgues  t h a t  the co lor  o f f s e t s  must be caused by s p o t s  because the f l u x  

var iance  is  so caused. This  argument is no t  obviously t r u e  on the Sun. 

The var iance of the s o l a r  i r r ad iance  on s h o r t  time s c a l e s  i s  caused by 

s p o t s  (Hudson and Willson 1981) a s  r o t a t i o n  c a r r i e s  them a c r o s s  the 
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v i s i b l e  disk. The mean i r r a d i a n c e  d e f i c i t  of spo t s  may be balanced, 

however, by emission from longer-l ived, more widely d i s t r i b u t e d  plages 

(Os te r ,  Schatten,  and Sof ia  1982; Bruning and LaBonte 1983). The more 

uniform d i s t r i b u t i o n  of plages reduces t h e i r  c o n t r i b u t i o n  t o  br ightness  

v a r i a t i o n .  The presence of plages produces an elevated i n t e n s i t y  from 

which the spot-induced decreases  occur. Thus the Sun is n o t  obviously 

dimmer,  or redder,  on average, simply because s p o t s  are present .  Since 

the  s tored  energy is reduced by plage emission, the r a d i u s  and 

temperature changes of the star over the Kelvin-Helmholtz time w i l l  a l s o  

be reduced. 

We compute the change i n  s te l lar  r a d i u s  by using S p r u i t ' s  equat ion 

(20) and assuming (1) t he  depth of the s o l a r  convection zone is 0.3 

s o l a r  r a d i i ,  and (2) 0.5 of t he  s p o t  blocked f l u x  i s  emit ted by plages 

contemporary with the spots.  We f i n d  the r a d i u s  of a spot ted  star i s  

0.04 f l a r g e r  than an equiva len t  unspotted star, where f i s  the f l u x  

f r a c t i o n  blocked by spots .  For 1% umbral area, f = 0.02. This  produces 

a sur face  g rav i ty  induced change of Ac1 = +2 x 

from Stromgren e t  a l .  (1982). 

using ac l / a  l o g  g 

Since the blocked f l u x  i s  reemitted by a higher  temperature 

photosphere, w e  c a l c u l a t e  the tempem ture  change under assump t i o n  ( 2 )  

from above and f ind  hT/T= f / 4 .  Using Campbell's value f o r  a(B-V)/ae and 

Crawford's (1975) f o r  acl/a(B-V) and aml/a(B-V), w e  f i n d  Ac1 = +2 .6  

x l r 3 ,  Am, = -1.4 x lom3 f o r  the Hyades. 

The results of the above d iscuss ion  a r e  summarized in Table 111. 

There i t  is  seen t h a t  plage emission produces a t  l eas t  an order  of 

magnitude l a rge r  e f f ec t  on the c1 index than any o ther  e f fec t ,  including 

spots .  In  shor t ,  plages appear t o  be responsible  f o r  the -0.035 me c1 

excess  observed i n  tlyades F dwarfs. 
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V. ACTIVITY IN OTHER CLUSTERS 

Our a n a l y s i s  p r e d i c t s  t h a t  color and s p e c t r a l  anomalies should be 

seen  i n  any c l u s t e r  whose stars e x h i b i t  enhanced Ca I1 H- and K-line 

emission. I n  some s p e c t r a l  i nd ica to r  p a i r s ,  l ike  Hy/G-band vs H6/Fe I, 

the  e f f e c t s  of plage emission "saturate," and a l l  a c t i v e  stars share a 

sequence displaced from the f i e l d  sequence. Other s p e c t r a l  i n d i c a t o r  

p a i r s ,  l i k e  Sr I I /Fe  I vs  HG/Fe I, show anomalies only f o r  stars with 

a c t i v e  region sur face  br ightnesses  t h a t  exceed the range of s o l a r  

plages.  

A. Ple iades  

As we have shown, the Pleiades do sha re  the spectral  anomalies of 

t h e  Hyades. Fu r the r ,  the Pleiades,  with higher  average Ca I1 emission 

than the Hyades, show an anomaly i n  S r  I I /Fe  I v s  HG/Fe I (Fig. 7) .  We 

a r e  thus a b l e  t o  conclude that a c t i v e  stars i n  the Pleiades d i f f e r  from 

t h e  Sun n o t  only i n  the  f r a c t i o n  of t h e i r  area covered by plage,  b u t  

a l s o  i n  t h e i r  plage br ightness .  

The i s s u e  of area coverage and sur face  br ightness  is n o t  a t r i v i a l  

one, as our i n a b i l i t y  to  reso lve  the d i s k s  of stars f o r c e s  u s  t o  measure 

only the i n t e g r a t e d  area-brightness product. As w e  state i n  s e c t i o n  

IIA, the i n t e g r a t e d  Ca 11 HK emission f o r  normal stars, even i n  the  

P l e i a d e s ,  does no t  exceed the l a r g e s t  values  of HK seen in s o l a r  plages.  

Thus, the Ca I1 d a t a  a lone d o  not  prove that stars have plages of 

i n t r i n s i c a l l y  higher su r face  br ightness;  they may only have l a r g e r  

f r a c t i o n s  of t h e i r  a r e a  covered by plages of s o l a r  i n t e n s i t y .  

Heasley, and Timothy (1983) were a b l e  to show from the  Ca I1 d a t a  a lone 

Wolff, 

t h a t  plages on a c t i v e  stars m u s t  occur over l a r g e  f r a c t i o n s  of the 
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s t e l l a r  sur face ,  a t  l e a s t  t o  l a t i t u d e s  225'. 

compared with the Sun, a c t i v e  stars l i k e l y  have a l a r g e r  number of 

d i s c r e t e  a c t i v e  regions.  

They a l s o  deduced that 

Our f ind ing  that the P l e i a d e s  stars have plages exceeding the 

b r i g h t e s t  s o l a r  plages adds a new dimension t o  the n a t u r e  of a c t i v i t y  on 

solar- type stars. S t a r s  that have i n t e g r a t e d  Ca 11 emission of 

reasonable va lue  (no t  extreme s t a r s )  and that obey a l l  the o ther  normal 

spectral r e l a t i o n s  may be expected to  be good s o l a r  analogs.  When these 

stars have a l a rge  area covered with plage,  t h i s  r e f l e c t s  a l a r g e r  

number of a c t i v e  regions produced by the stellar dynamo (Wolff e t  al. 

1983). The dynamo a c t i o n  is presumably enhanced if the  star r o t a t e s  a t  

h igher  ve loc i ty  than the Sun, as a c t i v e  cluster stars do (Kra f t  1967). 

For ind iv idua l  plages on a star to  exceed s o l a r  plage b r igh tness ,  

t he  rate of hea t ing  p e r  u n i t  area must  exceed s o l a r  l eve l s .  The 

b r i g h t e s t  s o l a r  plages occur in emerging f l u x  reg ions ,  where new 

magnetic f l u x  is erupt ing  to the sur face  (e.g., Z i r i n  1974). The 

f a i n t e s t  "p lages"  a r e  pieces of the chromospheric network, which is the  

d e b r i s  from the decay of a c t i v e  regions.  On the Sun, it is no t  c l e a r  

whether t h e  Ca 11 br ightness  is propor t iona l  t o  the magnetic f i e l d  

s t r e n g t h  o r  the rate of charge of magnetic f lux ,  o r  i nve r se ly  related to  

the  time s ince  the f i e l d  e r u p t e d  t o  the sur face ;  a l l  t h ree  are highly 

co r re l a t ed .  Fur ther ,  f lare  energy release w i l l  exceed the s ta t ic  

hea t ing ,  r a i s i n g  the plage br ightness  above i ts  normal value.  In  

gene ra l ,  the plage br ightness  is r e l a t e d  to  complexity and speed of 

processes  t h a t  move magnetic f l u x  on the surface.  Thus the su r face  

br ightness  of plage measures a d i f f e r e n t  property of the star than t h e  

surface area coverage measures. Simple ve loc i ty  " turbulence" i s  
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probably no t  the determining factor .  Soderblom (1982) f i n d s  t h a t  

atmospheric turbulence does not  s i g n i f i c a n t l y  vary with stellar age or 

r o t a t i o n .  

Color anomalies should be d i f f i c u l t  t o  d e t e c t  i n  the Pleiades.  

Di f fe rences  i n  i n t r a c l u s t e r  dus t  reddening w i l l  mask any observable  

e f f e c t s .  Measurements of the time v a r i a t i o n s  of the co lo r s  of P l e i a d e s  

stars (Radick e t  a l .  1982) might be a b l e  t o  d i sc r imina te  s p o t  and plage 

con t r ibu t ions ,  but  would r equ i r e  even higher  p rec i s ion  than t h a t  now 

obtained.  

B. Praesepe and Coma 

Crawford and Barnes (1969) demonstrated that Praesepe stars show 

the same co lo r  anomalies as the Hyades stars. Praesepe is known to  have 

an age and Ca I1 emission l e v e l  about equal  t o  the Hyades (Wilson 1963). 

The Coma cluster does - not  share  the Hyades anomalies i n  Stromgren co lo r s  

(Crawford 1975). I ts  age and a c t i v i t y  l e v e l  a l s o  are about  equal  t o  the 

Hyades (Barry,  Hege, and Cromwell 19841, and thus Coma represents a 

s e r i o u s  discrepancy from our  basic predic t ion .  

We have no t  obtained observat ions of a s i g n i f i c a n t  number of 

Praesepe o r  Coma stars. Once the d a t a  is a v a i l a b l e ,  the var ious  

spectral  i n d i c a t o r s  can be compared with the f i e l d  and Hyades stars. 

One problem w i l l  be the sparseness of Coma, with only a few members i n  

the spectral classes F to  K. 

We can note  a r e l a t i o n  from B a r r y ' s  (1974) s tudy of the Hyades 

anomaly. H e  found t h a t  f o r  the four c l u s t e r s ,  Hyades, Praesepe, Coma, 

and u Persei, a mean r e l a t i o n  6cl  = -26 "1. This  r e l a t i o n  between the 

c o l o r s  is i n  the c o r r e c t  sense of our  p red ic t ion  f o r  plage (sec.  IV), 
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b u t  of l a r g e r  amplitude. Since these c l u s t e r s  have near ly  equal  Ca I1 

emission, we expect  no d i f f e r e n c e  i n  the plage-induced 6 c l  among them. 

Now, i f  Barry's r e l a t i o n  descr ibes  a p u r e  m e t a l l i c i t y  e f f e c t ,  as he 

claimed, then the  measurement of 6c1, as an a c t i v i t y  i n d i c a t o r  m u s t  be 

made r e l a t i v e  to  a populat ion of the same m e t a l l i c i t y .  

t he  Hyades and Coma is n o t  then appropr ia te .  

Comparison of 

V I .  CONCLUSIONS 

In summary, excess plage emission provides  a n  a t t r a c t i v e  

explanat ion f o r  t he  spectral anomalies in t h e  Hyades reported by Rose 

(1984). The s o l a r  plage i n d i c e s  reproduce the observed displacement of 

t he  Hyades r e l a t i v e  t o  normal f i e l d  stars i n  s e v e r a l  d i a g n o s t i c  

diagrams. 

i n d i c e s  observed i n  the s t r o n g e s t  s o l a r  plages appears  t o  be manifested 

i n  the lack of a displacement between the Hyades and stars w i t h  s t ronger  

chromospheric a c t i v i t y  (e.g., the P le iades) .  Furthermore, our a n a l y s i s  

suppor ts  the conclusion of Campbell (1984) that the  observed photometric 

co lor  anomalies i n  the Hyades r e l a t i v e  t o  f i e l d  stars a r e  the resu l t  of 

s u r f a c e  a c t i v i t y  on the former, bu t  i n d i c a t e s  t h a t  excess  plage 

emission, r a t h e r  than s p o t s ,  r e a d i l y  expla ins  the observat ions.  

Fur ther ,  spots  cannot cause the observed spectrum l i n e  anomalies; t o  

f i r s t  approximation the s p o t  atmosphere acts as a cool  "companion" and 

would move the star along the dwarf sequence of t he  normal f i e l d  stars. 

F i n a l l y ,  the small observed displacement between the Hyades and Ple iades  

i n  the Sr I I / F e  I vs  H6/Fe I diagram and the l a r g e r  displncement between 

the Hyades and extremely a c t i v e  stars i n d i c a t e s  t h a t  a t  some poin t  the 

In  a d d i t i o n ,  the l e v e l i n g  off  i n  the Hy/G-band and Hy/432S 
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observed displacements a r e  no longer explained s i m p l y  a s  an increased 

f i l l i n g  f a c t o r  of so la r - l ike  plages. 

Given that unevolved main-sequence F stars i n  the  Hyades e x h i b i t  a 

c l  excess ,  some caut ion must  be used i n  der iv ing  the qge of a star from 

from i t s  loca t ion  i n  the c1, b-y diagram (e.g., Twarog 1980). 

pa r t i cu la r ,  s ince  plage a c t i v i t y  produces a c1 excess ,  young, a c t i v e  

stars may be mistaken f o r  o l d e r ,  p a r t i a l l y  evolved stars. 

In 
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TABLE I 

Solar Line Ratios 

Mean q u i e t  
Sun value 
(HK < 0.22) 

F i t t e d  l i n e  

Ha/Fe I 

Hp/Fe I 

Hy/Fe I 

HG/Fe I 

Hy /G-band 

p (39 12 ) /p(CN) 

X3886/X3859 

Sr II/Fe I 

Ca I1 H/K 

0.644 0.612 + 0.115 HK 
(HK > 0.22) 

0.710 

0.872 

0.787 

1.150 

1.229 

0.983 

1.025 

1.190 

0.680 + 0.0825 HK 
(HK > 0.22) 

0.779 + 0.039 HK 

1.198 - 0.240 HK 
(HK < 0.45) 

1.262 - 0.177 HK 

1.009 - 0.137 HK 

1.028 - 0.0174 HK 

1.242 - 0.284 HK 
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TABLE I1 

Sun Measured as a S t a r  

Line r a t i o  Mean value Error  of a measure 

HS/Fe I 
Hy / 4  32 5 
Hy/G-band 
A3912/<CN> 
A3886/A3859 
S r  I I /Fe  I 
C a  I1 H/Ca 11 K 

0.910 
0.925 
1.16 
1.38 
1.15 
1.096 
1.16 

0 , 006 
0,010 
0,009 
0.009 
0.010 
0.006 
0.016 

TABLE I11 

Changes i n  Stromgren Indices  i n  Hyades 

Cause  AC1 A m 1  

Observed plage W.03 -0.03 
Observed spo t s  W. 00007 +O. 004 

I n f e r r e d  temperature change +0.0026 -0.0014 
In fe r r ed  g rav i ty  change +o. 0002 - 

Tota l  W.033 -0.027 

Calcula t ions  assume 1% umbral area, 5% penumbral 
area, 50% of spo t  blocked f l u x  compensated by plage 
e m  i s  s ion. 
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FIGURE CAPTIONS 

Fig. 1-Balmer l i n e  t o  Fe I l i n e  r a t i o s  f o r  s o l a r  regions.  Regions with 

HK < 0 . 2 2  are nonmagnetic ( q u i e t ) ,  with HK > 0 . 2 2  are magnetic (p l age ) .  

So l id  l i n e s  a r e  based on Table I. (upper l e f t )  Ha/Fe I A6593 A ,  ( u p p e r  

r i g h t )  Hp/Fe I h4892 A ,  (lower l e f t )  Hy/Fe I A4325 4 ,  and (lower r i g h t )  

H6/Fe I A4063 A .  The la t ter  is an i n d i c a t o r  of s te l la r  su r face  

temperature t h a t  shows l i t t l e  v a r i a t i o n  wi th  magnetic a c t i v i t y .  

Fig. 2--Hy t o  Gband r a t i o  f o r  s o l a r  regions.  This  r a t i o  v a r i e s  

more than Hy/Fe I, b u t  both l e v e l  o f f  f o r  p lages  wi th  HK > 0.5. 

Fig. 3-CN indices f o r  s o l a r  regions.  F i t t e d  l i n e s  l i s t e d  i n  Table I. 

Top: "Continuum" peak a t  A3912 A r a t i o e d  t o  the  average of peaks a t  

h 3 8 5 2 ,  h3864,  and A3876 A.  Bottom: A3886 Fe I + H I r a t i o e d  t o  CN A3859 

A band. 

Fig. 4--Stellar Hy/G-band vs HG/Fe I. (a) Measured va lues  f o r  dwarfs i n  

the  f i e l d ,  the Hyades, and the P le iades .  (b )  Res idua ls  from the mean 

r e l a t i o n  for the f i e l d  stars. F ie ld  stars 0; Hyades X; P le iades  +. 

S t a r s  of extreme Ca 11 emission m. The Sun is the f i l l e d  circle,  and 

the  arrow is the range of s o l a r  reg ions ,  from q u i e t  t o  b r i g h t  plage (0.18 

< HK < 0.6). 

Fig. 5--Stellar Hy/A4325.  Same format as Fig. 4. 

4 

Fig. 6-Sr I1 A4077 A/Fe I A4063 A f o r  s o l a r  regions.  This i n d i c a t o r  of 

s t e l l a r  surface g r a v i t y  shows l i t t l e  v a r i a t i o n  wi th  magnetic a c t i v i t y .  

F i t t e d  l i n e  l i s t e d  i n  Table I. 
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Fig. 7--Stellar S r  I I / F e  I vs HG/Fe I. Same format as Fig. 4. Dashed 

l i n e  shows the mean r e l a t i o n  for f i e l d  g i an t s .  The Hyades stars are n o t  

o f f s e t  from the  f i e l d  stars;  t h e i r  s u r f a c e  g r a v i t y  is normal. S t a r s  of 

extreme Ca I1 emission are o f f s e t  t o  the subgiant  region because of 

abnormal emission i n  H6 compared t o  the  metal l i n e s .  The Ple iades  are 

s l i g h t l y  o f f s e t ,  implying t h e i r  plages have h igher  s u r f a c e  b r i g h t n e s s  

than the b r i g h t e s t  s o l a r  plage. 

Fig. 8--Stellar CN index. The Sun (e), Hyades ( X ) ,  P le iades  (+), and 

extreme emission stars (a) are compared wi th  curves of cons tan t  [Fe/H] 

der ived  from observat ions of f i e l d  stars. Accounting f o r  t h e  e f f e c t s  of 

p lage  emission (Fig. 3) ,  we f i n d  (Fe/H] = +0.2 f o r  the Hyades, -0.1 f o r  

t h e  Pleiades.  
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